Background: Few studies have examined the impact of local animal-source foods (ASFs) on the nutritional status of
Introduction
Because of their roles in fetal development and immune function, iron, zinc, and vitamins A and B-12 are particularly important for women of reproductive-age (WRA). 7 Animalsource foods (ASFs) including meats, poultry, fish, and eggs are good sources of these nutrients, as well as other B vitamins, and they provide an excellent source of high-quality protein. ASFs tend to be low in the diets of women in much of the developing world (1) .
The presence of small amounts of ASF in a meal reduces the inhibitory effect of dietary phytate present in most high-zinc and high-iron vegetables and grains and thereby improves the absorption of these minerals from plant sources (2, 3) . Furthermore, heme iron from ASF is absorbed more efficiently than inorganic forms of iron (4) . Preformed vitamin A also is highly bioavailable and is used more efficiently than plant forms of vitamin A, which must undergo a series of enzymatic reactions before becoming biologically active.
In rural Vietnam, ASFs, such as chicken, duck, pork, and fish, are available in rural farming areas (5) . However, our preliminary data suggested that the intake of these foods is limited because they are used to generate income for the family. Cultural influences regarding food distribution within a household also may limit access to ASFs by WRA (6) .
Several intervention trials have demonstrated the impact of ASF intakes on micronutrient status, growth, and cognitive function among infants and children (7) (8) (9) (10) , but studies of the impact of supplemental ASF on nutrient intakes or on blood markers of micronutrient status among WRA are more limited (11, 12) . Thus, we undertook a randomized controlled trial of the effect of a daily, midmorning snack composed of locally produced ASFs for 6 mo on micronutrient intakes and biomarkers of iron, zinc, and vitamins A and B-12 nutrition in nonpregnant WRA living in rural Vietnam. Given the association between biological determinants of iron, zinc, and vitamin A status and immune function (13) (14) (15) , we also measured circulating C-reactive protein (CRP) and a-1-acid glycoprotein (AGP), markers of acute phase response to infection; and urinary leukocyte esterase, a marker for urinary tract infection (UTI).
Methods

Ethics approval and participant selection
The study was reviewed and approved by the Ethical and Scientific Committees of the National Institute of Nutrition, Hanoi, Vietnam, and by the Institutional Review Board of the University of California-Davis. The study was conducted in 3 geographically isolated communes, Thuy Lieu, Phu Khe, and Yen Duong, in the Cam Khe District of Phu Tho Province, Vietnam. With the assistance of the PeopleÕs Committee of each commune, lists of apparently healthy, nonpregnant women between 18 and 30 y old were obtained. Potential subjects were identified and invited randomly to an information session at the respective commune health station. After an explanation of the study activities, the women interested in participating in the study were invited to a screening session. Women were excluded if they were already pregnant (based on a urinary pregnancy test), if they were planning to become pregnant within 6 mo, if they had a history of illness, or if they were unable to adhere to the study procedures or tests required for the study.
Study design
This study is a randomized controlled trial of the effects of supplemental ASF on iron, zinc, and vitamins A and B-12 intakes and status. Subjects received either a midmorning ASF supplement or a control supplement on weekdays for 6 mo. Those responsible for data collection, sample analyses, and statistical analyses were masked to group assignment. Because the ASF and control foods could not be made to appear and taste the same, those serving the supplements and the participants were unmasked. Usual diets were assessed by 5 repeated, nonconsecutive 24-h recalls at baseline before random assignment. Repeated 24-h recalls were also done at 5 times during the 6-mo study to determine the impact of the supplement on usual food intake. Blood samples for assessing micronutrient status and inflammation and urinary dipstick tests were done at baseline and at 3 and 6 mo. Recruitment began in September 2008, and the fieldwork was completed in April 2009.
Sample size
We estimated the sample size needed for 80% power assuming a type I error rate of 5% and 20% attrition. Based on rates of usual intakes less than the estimated average requirement (EAR) at $30% for each target nutrient (6) and an expected effect of the supplement to reduce those proportions to close to 0% of usual intakes less than the EAR, we estimated the need for 26 participants/group.
To detect a difference in mean plasma retinol, assuming an effect of 0.27 mmol/L and distribution similar to that previously reported in Vietnamese WRA (16), we would need 41 participants/group. Because of a lack of data to estimate sample size for ASF effects on iron, zinc, or vitamin B-biomarkers, we set enrollment goals at the maximum feasible within funding limits.
Random assignment
Subjects, stratified by commune, were individually randomly assigned to the ASF or control group. After the baseline evaluations of food intake and blood and urinary values were completed, the women were randomly assigned to either the ASF or control group. A random number was generated for each subject by using the random-number generator in Excel (Microsoft). The subjects for each commune were sorted by the random number; the first half of each commune was assigned to receive ASF and the second half to the control group.
Supplemental foods
The ASF intervention was a food-based, micronutrient-rich supplement prepared fresh each morning. The ASF supplements included pork (liver, boiled blood, kidney, and lean meat), chicken (eggs and meat), duck eggs, domesticated goose, freshwater shrimp, or tilapia. All of these foods were available within the study area. The supplement provided the EARs for iron, vitamin A, and vitamin B-12 and 40% of the zinc EAR (17) . A 10-d cycle of ASF supplements was developed and repeated for the study duration. The control supplements, containing primarily processed bean curds (tofu) and glutinous rice, did not contain any ASF and were also rotated over a 10-d period.
To avoid altering the womenÕs usual diet, the supplement energy content was limited to 150 kcal/d, which was ;10% of the usual daily energy intake for these Vietnamese WRA. The ASF recipes contained a mean of 8.9 mg Fe, 2.7 mg Zn, 1050 mg vitamin A, and 5.5 mg vitamin B-12. The control recipes provided 2.0 mg Fe, 0.9 mg Zn, 0 mg vitamin A, and 0 mg vitamin B-12 ( Table 1) .
Health workers from each of the 3 commune health stations were trained to prepare the daily supplements according to detailed instructions. Each weekday morning between 0600 and 0700, the health worker purchased items needed for that dayÕs recipes from the local market, brought them back to the respective health station kitchen, and prepared and weighed out individual portions of the supplements. Subjects came to the health station to consume the supplement between 0800 and 1000, which was after completing their morning work and before they returned home to prepare lunch for their families. A protocol for purchasing raw ingredients, preparing the foods, and portioning was implemented. Regular weekly and random spot checks of the raw ingredients and purchasing logs, food preparation and cooking logs, portioning, and compliance logs were conducted at each kitchen site throughout the study.
The subjects consumed the supplements under observation by the health worker. The health worker recorded supplement intakes in a daily logbook noting if a portion of the supplement was not consumed and the reason why. If a subject failed to come to the health station to consume her supplement, a second health worker would attempt to locate the woman and bring the supplement to her home and monitor and record intake. 
Dietary assessment
The usual dietary intakes of the women, excluding the supplemental food, were assessed by 5 repeated, nonconsecutive 24-h recalls (4 weekdays and 1 weekend day) at baseline and at 5 additional times during supplementation for a total of 10 dietary recalls/subject during the entire study. At baseline, the 5 recalls were collected over a 2-wk period. The 5 recalls during the study were done the week before the 3-mo blood sample (n = 2), and during the week before the 6-mo blood sample (n = 3 with 1 weekend day). Three dietitians trained in the multiple-pass dietary recall method conducted diet-recall interviews in the morning at the subjectsÕ homes (18) . If the women were not at home for their recall interview in the morning, the dietitian returned in the afternoon. Scales and graduated measures were brought to the womenÕs homes to accurately estimate the amounts of food consumed. Women were asked to demonstrate the portions they ate using foods from their kitchen. Portions of food and drink were measured, and amounts were recorded to the nearest gram. Each recall took ;30-40 min.
The dietary recalls were coded by using Vietnamese food tables (19) , and protein, iron, zinc, vitamin A, thiamin, riboflavin, niacin, vitamin B-6, folic acid, and vitamin B-12 intakes were calculated and entered into NutriSurvey 2007 (SEAMEO-TROPMED RCCN; University of Indonesia). If a food item or a nutrient value was missing, values were estimated from previous food analyses in Vietnam (20, 21) or from similar foods in the USDA National Nutrient Database for Standard Reference (22) . The mean nutrient intakes from the 5 dietary recalls were calculated for each subject. Nutrient intakes less than the EAR for a given nutrient (23) were considered inadequate.
Micronutrient status
Biological samples were collected at the Commune Health Stations at baseline and at 3 and 6 mo. After an overnight fast, blood samples were collected as follows: 500 mL blood preserved with EDTA for hematological analysis; 4 mL into trace element-grade Vacuette (Greiner BioOne GmbH) with sodium heparin for analysis of zinc, vitamin A, ferritin, and CRP; and 4 mL into cytokine-grade tubes for analysis of vitamin B-12, transferrin receptor (TfR), and AGP. The latter 2 tubes were centrifuged in the field within 1 h of collection at 2500 3 g for 15 min, and the respective plasma and serum samples were separated into aliquots and placed on ice. To avoid light exposure, which degrades vitamins A and B-12, all samples were collected and processed indoors. Urine samples were collected by using a midstream technique after cleaning the labia with 2 sterile alcohol wipes.
Plasma and serum samples were stored at 220°C and whole blood at 4°C for #2 d before transport on ice to the National Institute of Nutrition in Hanoi where they were stored at 220°C until analyzed. The urinalysis was performed in the field within 1 h of the urine sample collection.
Iron status and anemia. Hemoglobin was assessed from whole blood samples by the cyanmethoglobin method. RBC number, hematocrit, mean corpuscular volume, and red blood cell distribution width were assessed by using a Celltac-a semiautomatic analyzer (Nihon Kohden). Mean corpuscular hemoglobin concentration was calculated. Plasma ferritin and TfR were assessed by ELISA (Ramco) in 96-well plates and read by using an ELx808 microplate reader (BioTek). Anemia was defined as a hemoglobin concentration <12 g/dL. Iron deficiency anemia was determined as TfR >8.5 mg/mL and/or ferritin <20 ng/mL with simultaneous anemia (13, 24) . Body iron was estimated from the ratio of TfR and ferritin following the method of Cook et al. (25) . Mean corpuscular volumes below, within, or above a normal range of 80-100 fL were used to classify RBCs as microcytic, normocytic, or macrocytic, respectively.
Zinc. Plasma samples were thawed and wet-digested by using trace element-free nitric acid in acid-washed tubes. Zinc concentrations were determined by flame atomic absorbance spectrometry as previously described (26, 27) . Values <10.7 mmol/L were considered deficient (28, 29) .
Vitamin A. Plasma samples were thawed and treated with ethanol, and retinol was extracted with hexane under gold fluorescent lighting to minimize degradation of retinol. Purified retinyl acetate dissolved in ethanol was used as an internal standard. Hexane layers were pooled and evaporated under nitrogen. The residues were then reconstituted to a mixture of methanol and tetrahydrofuran. Extracted retinol was determined by HPLC at 320 nm (16) . A plasma vitamin A concentration <0.70 mmol/L was considered deficient (14) .
Vitamin B-12. Concentrations of vitamin B-12 as free cobalamin in serum were determined by using a commercially available fluorometric competitive binding assay (Elecsys System; Roche). Serum B-12 values <150 pmol/L were considered deficient (30) .
Inflammatory markers and UTIs
Two acute-phase proteins were measured, plasma CRP with the use of a BiOLiS 24i automatic analyzer (Tokyo Boeki) and serum AGP with the use of an ELISA method (Immunology Consultants Laboratories). An elevated concentration of CRP (>5 mg/L) or AGP (>1 g/L) defined an inflammatory state. A UTI was defined as greater than trace urine leukocytes (31) by using URS-10 Urine Reagent Strips (Teco Diagnostics). UTI prevalence was calculated as the number of women with a UTI divided by the total number of women evaluated at that time point. Incidence was calculated as the proportion of new UTI cases divided by the number at risk of developing UTI.
Standards and quality control
Except for blood used for hemoglobin and whole blood parameters, which were analyzed on delivery to the National Institute of Nutrition, biological samples were stored at 220°C and batched so that all samples from a subject were analyzed together. For all biochemical determinations, commercially available standards were used. Pooled plasma and serum were used as internal quality controls to monitor variation between batches of samples. The analysis was repeated if duplicates had a CV >15%. If the CV for duplicate dietary recalls was >15%, the supervising dietician and interviewer reviewed the data to identify any errors or omissions and to resolve the differences.
Statistical methods
Statistical tests were conducted by using SAS version 9.4 (SAS Institute). Continuous data that were not normally distributed were logtransformed before analysis. The following variables were logtransformed before analysis: BMI (in kg/m 2 ), all nutrient intakes, ferritin, TfR, serum vitamin B-12. The data are reported as the geometric means, and 95% CIs are reported in parentheses after the respective arithmetic mean, geometric mean, or proportion.
Outliers, determined by a distance of >3 SDs from the mean, were examined individually. Where outliers were plausible and no error was found, the data were included in the analysis. The primary analysis was conducted as intention to treat with the inclusion of all available data from subjects lost to follow-up.
The simple comparison of mean values at baseline was performed by using StudentÕs t test. Correlations were determined by Pearson correlation with FisherÕs Z transformation. Potential covariates, including BMI, age, inflammatory markers, infections, and baseline values, were checked for correlation with outcome variables and, where significant, were considered for inclusion as covariates in the respective model. Comparison of means in response to the intervention was performed by using ANCOVA, controlling for baseline values. Incidence rates were determined by using generalized linear model analysis. Relative risk was determined by modified Poisson regression by using robust error variances (32) . Differences between groups were determined at a type I error rate of 5%.
Results
Subjects. Of the 786 women between 18 and 30 y old identified in the 3 communes, 117 women were enrolled (Figure 1) . More than one-third had a BMI <18.5. There were no differences in weight, height, BMI, or age between groups at baseline ( Table 2) . Among those lost to follow-up, there were no differences between the ASF and control groups in any initial parameters (data not shown); the number of women completing the study did not differ between the ASF and control groups (P = 0.36).
ASF and control supplements were provided for a total of 113 weekdays over 6 mo. The individual compliance rate (the number of those who consumed the entire supplement divided by the number of days each subject was to receive a supplement) was 96.7% (95% CI: 95.1%, 98.3%) among women in the ASF group and 94.1% (95% CI: 91.2%, 97.0%) among women in the control group (P = 0.125).
Nutrient intakes. At baseline, the usual energy intake was 1504 kcal/d (95% CI: 1460, 1550 kcal/d) and protein intake was 52 g protein/d (95% CI: 50, 54 g protein/d). Women in the ASF group reported lower baseline usual niacin and folate intakes than the controls did. During the 6-mo intervention, women in the ASF group had higher intakes of protein, iron, zinc, vitamin A, and B vitamins compared with controls ( Table 3) . By assuming a ''low active'' or ''active'' physical activity level, the usual energy intakes at baseline were 81% (95% CI: 78%, 83%) or 72% (95% CI: 69%, 74%), respectively, of the estimated energy requirement for each participant in the study (33) . These moderately low energy intakes were consistent with the high proportion of participants with BMI <18.5, although the correlation between log-adjusted BMI and usual energy intake at baseline was not significant (r = 0.16, P = 0.11).
At baseline, dietary risk of deficiency, i.e., the proportion of usual intakes below the EAR, was high for the target nutrients [iron: 70% (95% CI: 60%, 75%), zinc: 80% (95% CI: 73%, 88%) vitamin A: 59% (95% CI: 50%, 69%), and vitamin B-12: 78% (95% CI: 71%, 86%)]. The ASF supplement eliminated the dietary risk of deficiency of iron, vitamin A, and vitamin B-12 and substantially reduced the dietary risk for zinc deficiency. Although thiamin, riboflavin, niacin, vitamin B-6, and folic acid intakes were not targeted when the ASF supplement was designed, the ASF supplement also markedly reduced the dietary risk of deficiency of these nutrients ( Table 4) .
Effects on micronutrient status. At baseline, mean hemoglobin was 13.0 g/dL (95% CI: 12.9, 13.2 g/dL); 15.4% (95% CI: 8.9%, 21.9%) were diagnosed with anemia. Although 10.3% (95% CI: 4.8%, 15.8%) had microcytic anemia and 12.0% (95% CI: 6.1%, 17.9%) had depleted iron stores, only 4.3% (95% CI: 0.6%, 7.9%) had iron-deficiency anemia at baseline (2 in the ASF group and 3 controls). Based on values for TfR and ferritin and by using the algorithm from Cook et al. (25) , which has been validated in Vietnam, baseline body iron was 14.9 mg/kg body weight (95% CI: 14.2, 15.5 mg/kg body weight).
At baseline, the mean plasma zinc concentrations were 8.6 mmol/L (95% CI: 8.2, 9.0 mmol/L); 81.2% (95% CI: 74.1, 88.3%) were considered zinc deficient. The geometric mean plasma retinol concentration was 1.88 mmol/L (95% CI: 1.80, 1.96 mmol/L), and the serum vitamin B-12 concentration was 536 pmol/L (95% CI: 497, 578 pmol/L). None of the women were deficient in vitamin A or B-12.
Several aspects of diet correlated with nondietary parameters. Log-transformed values for BMI correlated with logtransformed baseline usual intakes of protein (r = 0.21, P < 0.05), zinc (r = 0.22, P < 0.05), preformed vitamin A (r = 0.25, P < 0.05), thiamin (r = 0.27, P < 0.05), and niacin (r = 0.24, P < 0.05). Plasma zinc concentrations were positively correlated with log-transformed usual intakes of ASF protein (r = 0.19, P < 0.05) but were not correlated with usual zinc intakes (P = 0.68). There were no significant correlations between any of the nutrient intakes and biomarkers of iron, plasma retinol, or serum vitamin B-12 status.
ASF supplementation for 6 mo affected biomarkers of iron status after controlling for baseline values. Compared with the control group, ASF-supplemented women had higher hemoglobin concentrations and lower serum TfR levels ( Table 5 ). The mean corpuscular hemoglobin concentration tended to be higher among subjects in the ASF group (P = 0.062). ASF supplementation did not significantly affect zinc, vitamin A, or vitamin B-12 biomarkers compared with those in the control group. Inflammation and infections. The prevalence of elevated acutephase markers was low. Only one subject had an elevated CRP concentration at baseline and 3 and 6 mo. None had elevated AGP concentrations at baseline, 1 had an elevated AGP concentration at 3 mo, and 2 had an elevated AGP concentration at 6 mo. The prevalence of UTIs as measured by an elevated urinary leukocyte esterase was relatively high. At baseline, 8.6% (95% CI: 3.7%, 19.9%) of the ASF group and 15.5% (95% CI: 8.5%, 28.3%) of the control group had greater than trace leukocyte esterase levels. After 3 mo, UTI prevalence was 12.2% (95% CI: 5.8%, 25.9%) among ASF women and 11.9% (95% CI: 5.2%, 27.1%) among controls. At 6 mo, the prevalence of UTIs was 32.6% (95% CI: 21.5%, 49.4%) among the ASF women and 16.7% (95% CI: 8.5%, 32.8%) among control women. This difference in prevalence between groups at 6 mo did not reach statistical significance (P = 0.097) after controlling for baseline values.
A total of 36% (95% CI: 23%, 48%) of the ASF women and 26% (95% CI: 15%, 37%) of the controls had a UTI at $1 of the 3 urinary measurements. Although UTIs were negatively correlated with ferritin (r = 20.13, P < 0.05) and body iron (r = 20.12, P < 0.05), UTI was not a significant covariate for plasma ferritin (P = 0.34) or body iron (P = 0.88).
Interestingly, the effect of the supplement on TfR was primarily among subjects with evidence of a UTI during the study, i.e., a positive urine dipstick reading at baseline or 3 or 6 mo. In this subsample, the geometric mean TfR at 6 mo was 4.5 mg/mL (95% CI: 4.2, 4.8 mg/mL) among ASF participants compared with 5.2 mg/mL (95% CI: 4.8, 5.6 mg/mL) among controls (P < 0.05). In the subsample of those with no evidence of a UTI anytime during the study, there was no significant difference in TfR between ASF and control subjects: 5.0 mg/mL (95% CI: 4.7, 5.2 mg/mL) compared with 5.0 mg/mL (95% CI: 4.7, 5.3 mg/mL), respectively (P = 0.998).
Over the 6-mo study period, UTI incidence, i.e., the number of new positive dipstick readings where the previous test was negative, was 21.2% (95% CI: 14.3%, 31.4%) among those randomly assigned to receive ASF and 9.5% (95% CI: 4.7%, 19.3%) among Because the ASF supplement contained micronutrients important for immune function, we examined whether the group assignment or any nutritional biomarkers influenced the risk of contracting a UTI. Circulating zinc, vitamin A, and vitamin B-12 concentrations were not associated with UTI incidence, but the women with low body iron below the mean of 14.9 mg/kg at baseline were 2.5 (95% CI: 1.2, 5.2) times more likely to contract a UTI than were women with whole-body iron above the mean (P < 0.05). In examining the effect of the supplement on UTI incidence, there was an interaction between group assignment and the estimate of whole-body iron at baseline (P < 0.05). Women randomly assigned to receive ASF who had a body iron below the mean were more likely to develop a UTI during the study than were those in the same group with a body iron above the mean at baseline [RR of 2.7 (95% CI: 1.1, 6.6), P < 0.05] and compared with control women with a body iron above the mean at baseline [relative risk of 3.9 (95% CI: 1.3, 11.1); P = 0.01; Figure 2 ).
Discussion
This study demonstrates that the addition of locally available ASF improves usual diet and blood markers of micronutrient status and that research of randomized food-based intervention trials can be done in resource-poor settings.
A small, 150-kcal midmorning ASF snack eliminated low intakes of iron, vitamin A, and vitamin B-12 and substantially reduced the prevalence of low zinc intakes. After the ASF supplement was consumed for 6 mo, serum TfR concentrations were significantly lower, and hemoglobin concentrations were significantly higher in the ASF group than in the control group. This is the first food-based clinical trial demonstrating improved iron status among WRA receiving ASF. Although other ASF interventions had similar effects on iron status compared with nonintervention controls (34, 35) , these studies did not use a non-ASF control group.
A previous study of the effects of a meat-compared with a vegetable-based diet on iron status in WRA with initially low iron status showed that a meat diet prevented a decline in iron stores over 20 wk compared with a vegetable diet (12) . Also, the addition of meat to complementary foods for infants prevented a decrease in iron stores (10) and hemoglobin (7) . Subsequent studies of WRA with good iron status at baseline showed that dietary ASF improved their iron status. A 1-kg package of pork delivered every 2 wk to the homes of 22 WRA prevented a hemoglobin decrease compared with a nonintervention control group. However, similar to the current study, circulating concentrations of ferritin, zinc, or vitamin B-12 did not change (34) . In another study of WRA, the response of body iron stores to portions of blood-based bread containing 35 mg Fe was measured. However, 47% of the subjects receiving the bread were either lost to follow-up or excluded after random assignment because of infections and were not included in the final analysis (35) . 
FIGURE 2
Incidence of UTIs among reproductive-age women with baseline body iron above or below the mean. Incident UTI was determined at 3 and 6 mo by elevated leukocyte esterase where the previous time-point urine test was negative. Incidence rate is the number of new UTI cases divided by the number at risk of developing a UTI. Fe , 14.9 mg/kg and Fe . 14.9 mg/kg signify baseline body iron, estimated according to Cook et al. (25) , above (n = 65) or below (n = 52) the baseline mean of 14.9 mg Fe/kg body weight. There was a cross-product interaction between group assignment and baseline estimated body iron in determining the risk of developing a UTI (P , 0.05).
Means without a common lowercase letter differ, P , 0.05, assigned by using generalized linear models analysis and the Tukey-Kramer adjustment for multiple comparisons. Error bars represent the 95% CIs. ASF, animal-source food; UTI, urinary tract infection.
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Although we observed a >20% attrition rate, this is offset by the high rates of compliance among women completing the study. Because there were no significant differences in any parameter measured between those lost to follow-up in ASF group compared with the control group, it is unlikely that attrition influenced our main findings.
The effect of dietary interventions on nutritional biomarkers is an active research area (36) . At baseline, several aspects of nutritional status correlated with reported nutrient intakes. BMI was positively correlated with usual intakes of total protein, zinc, preformed vitamin A, and several B vitamins. The intake of ASF protein, although not zinc, was positively correlated with plasma zinc. The association between ASF protein intakes and plasma zinc concentrations suggests that zinc from ASF may be better absorbed, which is consistent with data showing improved zinc absorption from a mixed meal by reducing the effects of dietary phytate (3) .
Despite a >60% prevalence of inadequate iron, vitamin A, and vitamin B-12 intakes at baseline, none of the women had low plasma retinol or low serum vitamin B-12 concentration. Iron status was generally good with only 12% of the women having low ferritin concentrations, and <5% had iron deficiency anemia. It is unclear why biomarkers of these nutrients were generally normal at baseline when the usual nutrient intakes were below the EAR. One possibility is that the usual diet measured at baseline and during the study differed from the usual diet before the study. Zinc, on the other hand, has no major body reserve and depletes with a marginal diet (37) ; our data show a similarity between the level of dietary risk of deficiency, i.e., usual zinc intake less than the EAR, and plasma zinc deficiency.
Because >75% of the women had low plasma zinc concentrations at baseline, we expected an increase in the plasma zinc concentration in the ASF supplement group. The lack of change in plasma zinc concentrations with ASFs may be because the additional absorbed zinc was deposited in tissues rather than remaining in circulation (38) . Others have reported that 3.5 mg Zn/d provided as a fortified porridge had no impact on the plasma zinc status in children, but an aqueous supplement of 3 mg Zn/d given without food increased plasma zinc (39) .
Although food-based studies have not improved plasma zinc concentrations (8, 40) , health benefits have been observed without changes in plasma zinc. For example, 3 mg supplemental Zn taken without food reduced diarrhea incidence among children without changing plasma zinc concentrations (41) , demonstrating that additional dietary zinc can improve health without increasing plasma zinc concentrations. Cellular or tissue zinc biomarkers of zinc that are sensitive to improved zinc intakes from food are needed.
At baseline there was little evidence of iron deficiency among our participants. The mean hemoglobin concentration was 13 g/dL; only 15% of the women had values <12 g/dL. Geometric mean ferritin concentrations were ;45 ng/mL, and TfR values were 4.9 mg/mL. After 6 mo of receiving the ASF supplement providing 8.9 mg Fe/d, hemoglobin concentrations were higher and TfR lower in the ASF women than in the controls. These data show that the iron status of WRA can be improved by a modest increase in ASF intake.
Normally, intestinal iron absorption is inhibited during infection, an effect mediated by increases in the acute-phase peptide, hepcidin (42) . Because ferritin tends to be higher with infections, we evaluated the association of serum ferritin with CRP and AGP concentrations. We found no correlation between serum ferritin, CRP, or AGP in our participants and little evidence of systemic inflammation based on these markers. However, the effect of the ASF lowering TfR was seen primarily among women receiving the ASF supplement who had evidence of a UTI. UTIs may not cause systemic inflammation, and given the direction of the TfR response, there is no evidence from this study that UTIs reduced iron absorption.
It is interesting that the risk of contracting a UTI (determined by urine dipstick) was ;4-fold higher in women in the ASF group who had whole-body iron concentrations below the mean compared with those with body iron levels above the mean; a similar relation between UTI incidence and whole-body iron was not seen in the control group. This is the only report we are aware of showing that a low whole-body iron status and an increased intake of iron and other micronutrients from an ASF supplement increases the risk of UTIs.
Similarly, in a case-control study of women entering prenatal care, lower iron stores were associated with bacterial vaginosis (43) . However, we have no data on the actual bacteria counts in the current study. It has been reported that among women with chronic UTIs, urinary leukocyte numbers increase with intramuscular injection of iron without increasing bacterial counts (44) . These data suggest that the leukocyte activity as measured by the urine dipstick may not reflect the presence and activity of pathogenic bacteria. The interaction between the iron status of women with UTIs and independent measures of the bacterial burden requires further investigation. This is especially important because the WHO currently recommends daily iron supplementation for all pregnant women (45) , a population prone to UTIs.
